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COMPLETE SPECIFICATION 

Improvements relating to Curable C3ilorinated Polyethylene 
Compositions and Their Use 



10 



15 



20 



25 



30 



35 



Wc, Allied Chemical Corporation, a 
Corporation organized and existing under the 
laws of the State of New York, United States 
of America, of 61, Broadway, New York 6, 
New York, United States of America, do 
hereby dedaie the invention, for which we 
pray that a patent may be granted to ns, 
and the method by which it is to be per- 
formed, to be particulariy described in and 
by the following statement: — 

THIS INVENTION relates to curable 
chlorinated polyethylene compositions and to 
the bonding of plastics therewith. 

Chlorinated polyethylene is a well known 
material produced generally by subjecting an 
ethylene polymer to the action of elemental 
chlorine. The dilorinated polyethylene is . ap- 
parently nelarively simple in structure, but 
can vary greatly in performance and properr 
tics depending on several factors induding 
chlorine conteiit and method of chlorinaticm. 
Chlorinated polyethylene containing about 
15—50% dilorine arc suitable for use as 
elastomers upon curing with an agent such 
as an organic peroxide or polyfunctional 
amine. (All proportions are by weight unless 
otherwise stated). However, the elastomers so 
produce^ have been troublesome and defi- 
cient with respect to certain properties, and 
their suitability for use m a mmiber of im- 
portant elastomer applications has been ac- 
cordingly restricted- Important properties in 
which the cured chlorinated polyethylene 
elastomers have left room for improvement 
indudc tensile strength, dongation, com- 
pressson set, water resistance, reistancc to 
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heat aging and oil aging, proccssability, and 
moulding and extrusion properties. 

Tbc^ compositions of the present invention 
comprise (a) a chlorinated polyethylene, 40 
whidi is a homopolymer of ethylene or a co- 
polymer of ethylene with up to 15 percent 
by wei^t of propylene or butylene and which 
contains 15 to 50 percent by wdght of the 
dilorine, (b) at least 0.5 percent (based on 45 
the weight of the chlorinated polyethylene) of 
an (u-ganic compound containmg at least two 
terminal cthylenically unsaturated groups 

each of formula — C— CR=CH3 or 

•—C— CR=CH2, in which R is hydrogen or 50 

an alkyi group, which, at least in the pro- 
portion employed, is compatible with the 
chlorinated polyethylene, and (c) a free radi- 
cal-generating initiator for addition poly- 
merisations. 55 

These compositions may be cured under 
heat and pressure. The cured chlorinated 
polyethylene dastomers produced by the pro- 
cess of the invention are better in a number 
of respects than peroxide and amine-cm^d 
chlorinated polyethylenes proposed in the 
past, especially in a desirably hi^ degree af 
cure or cross-link density. TTie cured com- 
positions may contaia polymerized products 
of the termEdally unraturated (allyiic) co- 
agent, but we do not wish to be limited to 
any exact theory or explanation inasmuch as 
the high degree of imnrovcment and cxceDcnt 
overtll properties of the cured compositions 
suggest a highly effective combination of 
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meduniszxu iocfaidmg cro^Itnidng ofrthe^ 
cUorinatcd polyethylene dixcctly and tlso 
possibly tbrougli the unsaturated monomer or 
a polymer tbmot It has been found that 
the good OTCtall .pn^wtics trf.the cmed com- 
posmons make them well suited for use in 
a number of important elastomer applica* 
oons, such as gaskets, hose and wire coating. 
Specific properties especially improved, in. 
elude tensile strength, compression set, heat 
and oil agmg resistance, and crtrudabiKty. 
TT^ improvement in tensile strength is ex- 
hibited pnmanly in compositions not - con^ 
tammg the laiger amounts of filler, while 
composioons having moderate or-large filler- 
ccmtent axe noteworthy^ as retaining ddirably 
low compression jet Elastomers and clasto^ 
mcr compositions in accordance with the in- 
vention also have other desired properties, in- 
cludmg good processability, elongation, high 
modulus, improved moulding properties, 
colourability, solvent and ofl resistanceT water ^ 
resistance, and good , ekcttical msulatina 
properties. It has ~ bw- fijrdicr:fdund-^ that - 
fined compositions containmg^ the- allylic 
compounds may be extruded onto wire and 
cured without stress cracking of the cured 
coating, which has been a problem in the 
past , with curable high molecular weight 
chlonnated polyethylene compositions. It has 
also unexpectedly been found that the in- 
coiporanon of. normally liquid alWic 
materials -in chlorinated . polyethylene stabi- 
lises .it against ..heat, dcctmjposition, for ex- 
ample when working on a. Banbury mixer or 
rubber mill, and..the. invention includes also 
the use of these cmnpounds as stabilisers and 
proassmg aids for chlorinated polyethylene, 
whether or not the final composition is sub- 
ieaed to curing. 

The chlorinated polyethylene (or more 
stoctly ediylenc polymer) (a) may be any 
dilonnated polymer of ethylene containing 
0—15% by weight of propylene or butylene, 
havmg a chlorine content of 15% to 50y 
by weight, preferably 30--45%, .and derived 
by low or moderate pressure catalytic poly- 
merization of ethylene, fbr example m the 
presence of the well known Z^dgfcr or 
PhiUigs catalysts at pressures up to about 
5000 p^.i. (350 kg/cm=). Desirably, the 
ethylene polymer is. a linear, high density 
homopolymer. The terms . "linear*' or "sub- 
standaUy linear*', as used herein mean that 
the polyethylene is of high , density and has 
at most only , nominal short chain branching 
in the form of methyl groups^ usually less 
than about 10 methyl groups per 1,000 car- 
bon atoms in the moletilc more commonly 
0 to 5 methyl groups. The density of : such 
polyethylene is at least 0535 gr/cnr', usuaHy 
OjWq TO 0.985 gr/an\ The preferred 
chlormated polycthylcnes have a cry^allinity 
of less than 10%, desirably 0%. The mole- 
cular weight of the chlorinated polyethylene 



may vary substantially, exceptionally good 
elastomers being obtained with a high mole- 
cular weight chlorinated polyipthylcnechaving 
an intrinsic viscosity bctwcctt-*2*5>-aiidl5Vas 
tncasurcd in o-dichlorobcaattnccat^rlOOaCt: 

Tfe orgamc <^poun4<b> c^^^ 
termed an aUyhc" comppandjorucoaanrfptc 
contams at least two teaniriailett^ldtf catty 
unsaturated groups as af«wud,c.thc^carl*i* 
atom <^poate the terminalijiMh^ttnc<rgroup 
optwnaHy formmg part of. a;.rinfesas^ai 
as lor-examplc in divinyl benzene: 'Whfic the 
aUyhc compound wiU usually be monomeric. 
It can if desired be a low polymer. 
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The allylic coagent ^nmst also be compat- 
able with the chlorinated- polyethylene and 
polymerizable in the presence of a ftee radi- 
cal imdator; examples are die allyl esters 
and ethers. The term "compatible" as used 
Hercm means fully misdble in the desired 
proportion widi the chlorinated polyethylene 
to form a homogeneous mass i^on miring, 
for example on a rubber mill, after no .more 
than 20 nunutes at any processing tempera- 
tur« up to 400*^. The coagent compound 
IS desirably normally liquid, although solids 
may be used including non-thermosct pit- 
polymen of diallyl phthalate or allylic com^ 
Po™* compatible with the chlorinated poly^ 
ethylene at processing temperatures. 
Atoenals such as tnallyl cyanuratc .are diffi- 
c^t to nux, but can be made compaablc in 
effective proportions by mixing vrith a secon- 
dary plasadzer such as a chlorinated paraffin 
to form a bmary mixture which is compat- 
ible. Representadves of the allylic compomids 
which may be employed include the aUylic 
denvatives of phrhalic acid and of the satura- 
ted and unsaturated aliphatic dibasic or tri- 
basic acids of 2 to 12, cspedaUy 3—6, carbon 
atoitts m all, including diallyl phthalate. di- 
isoaUyr phthalate, diallyl sebacate, diallyl 
malcatc, diallyl fumarate, diallyl adipate and 
challyl succmate. Examples of other useful 
allyhc ctmpounds arc triallyl cyanurate and 
tnallyl cocyanurate. A preferred allylic 
material is diallyl phthalate. Other suitable 
coagente include coesters which are essen- 
tially the reaction produrt of two or more 
mols of a terminally unsaturated add and 115 
one mol of a polyhydric alcdiol. Preferred 
unsaturated adds include acrylic add, medi- 
acrs^c add, and ethacryiic add, and the 
prrferred polyhydric alcohols contain .2 to 12 
^rb<Hi atoms and 2 to 4 hydroxy groups. 
Examples of such esters indude ethyloie 
glycol dimcdiacrylate, trimcthylol propen di- 
methacrylate and U-butylcne glycol dimetb- 
acrylate. An example of an additional useful 
coagent differing from the above is divinyl 125 
Mnzene. 

The amount of the coagent employed may 
wy widely depending largely on the par- 
ticular coagent and on the end use of die 
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pzDdiBtr.As:litti£:ss OJ-.ptrt of coagcnt'per 
l€0.ipamiof:tlie: chionaafied:.poIycdi7lcne:is 
efiteaxve 'ixr:impn>ving^ therpropo^ of the 
cuzcdielastmcr,: aad.-al50:in effecdng at letst 
5. r: paniat^ strtfliyatioa ofr chbdnated poly* 
cdiylaK J against : teat- decosnposttion.' The: 
uppcrrlimk of*the amoont of coagent is not 
parpcu lariy critkal^.altbou^ rep- 
rescnts-a practical upper limit from a cost 
10 ancLcffcctivcocss . standpoint. The optimunr 
amoom (rf the allylic compound genexallsr de- 
pends upon the particular end: use and 
properties desired, for the. cured producL 
Antoanta-j* between - 7 and. 15 parts of - the 
15 aOyiic^conqKmnd perrlOO parts of rthe chlori- 
naiied',T>oIyctlylencrare: pirfena>fc.m produc- 
mgrcompostdons ;for':use: as/low*'Cost wire 
jacketing .or.ii -.other applications where* very 
low conqttession set is not cxitical but tensile 
.20 strength^ elongation^, modulus, , extrudahility^ 
higfr cure, cokmrrijiirty,. water -and. oiJ resist 
tanoe;:.and3electricaI inaoiating:properties ^are 
intportuit::: Conqmitions containing: 15; to 70 
parts of thc:aUyiic compound ^arer preferably 
25 e3npioyBd.rto: produce products having; par- 
tkulasiy. low-' compression set^ .genexally less 
than 35%, usuall3ri>elbw 25%, as weU as at- 
cqmdnally; good I overall properties which 
^ttkC'them especially useful in gaskets, flcx^ 
30 ible ;hose, and the . like. Certain of die co- 
agents^, such: as; the:: acrjlate. esters- and the 
allylic. cyannnites> are: less : coiqpatible with^ 
thef chlorinated polyethytencs than axe the di- 
allyl esGcr^ but aic very effective . in- minor 
35. amounts between 0J:and.20 parts in pxoduc- 
ingjcuxedrchlonnated .polyethylene elastomers 
of ?low.rcampressiQn-set,-.high tensile strength- 
and excellent* overall properties.?. Such, co- 
agents-; ate effective, both- in unfilled: gum 
40 stock ■ and filled * compositions suitable for 
wire jacketing, g a s k ets, hose and the like. 
These coagcnts are also effective in plasti- 
dzed or - oil - extended cUorinated polyethy- 
lenci .and especially in chlorinated polycthy- 
45 lenes extended with chlorinated hydrocarbons 
such-as the chlorinated paraflSn -waxes which 
may be tised:to - facilitate mixing of the co- 
agent with the chlorinated polyeSiyiene^ The 
coagcnts such as the acrylatcs and triallyl 
50 cyanurates are- preferably employed in 
amounts between* 1 and 15. parts, the upper 
limit depending Jargely on the limits of com- 
patibility with^ the chlorinated polyethylene. 
It is generally dearable not to except sub- 
55 stantially the limits of compatibility or mis- 
cMityy as this tends to mterfcre with the 
subsequent cure and cross-linking treatment 
and;alao to lower the - processibility of the 
mixture: P<dyfunctional c oag c nts based on 
w the aoyiates, triallyl cyanurates, divinyl ben- 
xoie, and -the like, even though' employed in 
minor.-amounts,' arc effective thermal stabi- 
laeirr forrdilorinated pblyetfajdoie. (see Ex- 
amples 12=-15). Tbtx coagents may also be 
65 employed in bonding thennt^lastic and das- 



tomericmatcrials in. accordance with the: in-- 
ventionj 

The . compositions of the invention include 
• free radfcil-generating addition polymerisa- 
tion- .initiatDr. Free.: radical initiators effective 70 
to cause polymerization of the coagent are 
wcU known, examples being silver peroxide, 
t he, p erborates, the pcrcarbonates, benzoyl 
penaddev dicumyl peroxide, butyl-a-cumyl 
peroxide,, ^^idilorobcnzoyl peroxide, di^ 75 
phenylcydohexyl peroxide, butyltriphenyl 
methyl peroxide, o,<>-di{nt>m*obenzoyl per- 
oxide, di-butyl peroxide,- diacyl peroxides, 
24 - bw - butyl peroxy - 2,5 - dimediyO 
nexanci butyl hydroperoxide, cumenc -hydro- 80 
peroxide, lauro]^ peroxide, 23 - dimcthyl- 
2^ '- di( - butyl peroxy) - hexyne - 3, 1,4 
dar- t - butyl peroxy diisopropyl benzene, 
tetralin peroxide, para-menthane hydroper- 
oxide, drisopropylbenzcne hydropexroide, as 85 
weir as : other polynierization - catalysts in^. 
eluding the diazo compounds and thc . like; 
The- particular -initiator used will be. chosen 
having .regard to the processing- tcnq)cratures 

in ^ compounding = to avoid : premature 90 
curmg:(m the mill. It is also desirable to 
selector an initiator which by iisdf is among 
the : more ; highly effective cross-linkmg r cr 
curing • agents for chlorinated polycthyknes 
of 15 — ^0% chlorine content. The more 95 
preferred ..iziitators or polymeriisation catalysts 
are thertertiary organic peroxides such as. di- 
f-cumylr peroxide. The amoum of the 
mitiator employed -may vary, but will usually 
be.between::0.3 and 20 parts per 100 parts 100 
of chlorinated polyethylene, ami • preferably 
2 to 12 parts. 

TherccHnpositions of the invention -may in^ 
elude filler material to reduce dieir cost, 
balance properties and produce products 105 
adapted for specific end uses. Any of the 
well known filler materials may be used, 
examples of the more suitable fillers includ- 
mg the carbon bkcks such as furnace blade, 
channel black, thermal black, lamp blacks 110 
and the like, silica, titanium dioxide, mica, 
aluminas, hydrated aluminas, days, carbon- 
ates such as magnesium and caldum car- 
bonate and talc The amount of filler incor- 
porated in the compositions may vary widely, 115 
being • generally between 20 and 200 parts 
or more, preferably for most product appli- 
cations between 40 and 175 parts, per 100 
parts of chlorinated 'polyethylene. Finely di- 
vided; carbon, black, carbonates, hytbated 120 
alununa, and the talcs arc iUustrativc- of pre- 
ferred fillers. 

The compositions of the invention may in- 
chide other additives such as plastidzers, ex- 
tenders, subilizers and anti-oxidants^ as de^ 125 
OTed or required for a particular purpose, 
while the . allylic compound may serve -as a 
plasticizer during compounding, the poly- 
naerizcd alhrlic material has much less pks- 
tidzing • effect, and haice additional mnn 130 



PJ^i^ niat«i«l may he 
added to reduce hardness or idiusTL^ 
piopaties of the cured DnSicf'sL,^ 

^ eWonnated aliphatic and aremaric 
gnK^faffl^epoxidiad oils sud, af^! 
J°y» «!. Md di-esterpStS 
10 fr^f* ^ 4 to 16 cSS 

SSc^^^i?*^ " P^*^. «dipfcS 
^faoJ^^i hydrocaibins «e 

weU known plasnozcrs which represent one 

20 ^ preferred chlorinated hvdn^ 

20 ^Aon, are nonnally liquid matcriS 
molecukr weight betweS 200 and! 00? 

AOS. of chlorine conS ffi 

300 to 1 mo f weight about 

25 «rl liiTiL^**^ *^ plastidar may 
^ vary widely between say 5 and 100 ™ 

prefc^ 10 to 50 pari 'p^^'ioo'^^a^ 
the dUormated polyethylene. 

a P*'^^* acts a, 

a heat stabihzcr dunng processing of the 

attwn dunng curing and the final i^ateSlL 
apparatly less dfective as a heat^ia^ 
m the cured products. Hence, it may be dt- 

Sevaal stobilizexs are weU known to be ^1 
""k™""^ polyethylene compSS 
m^dmg, by way of iUustiation, AcT! 

.l^^i' cadmium, tin, Stt 
lad «,d sodmm. Also espedally^tabfclSJ 
«P«y »«A asVpoxy talhS^ 

fflJS?^ ^ about 1 S 

fpeaally 3 to 10 parts, per 100 

Prrfoied sttbihzer is an epoxy tallate, whidk 
50 '^,t^"?.P'*»'^' process a^? 

nrI5lfTP°'"""" *^ "v^tion n^y be 

prepared by any suitable miring jmjcedurT 

SUA as those cpnvemionally 

rub^ compounding In a prefcSrS pr2 
55 St^K^ chloimated polyethylene, along 
components of the dS 

to a suiteble maer such as a Bibury^JSS 
» temperature preferably^" 
nrcra laoop. and 200«»F. iWidnTfc cm 

Md 400OF prefen*ly 200OF. T32(?F 
«S stantial amoum, of ^'STSSAt 
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4J^.^T^ ™^ " not more than about 

Hire betS^oJ,^„5^i« tempera- 

be preferred. lij^toVrSLL'l^rS^J 
™»ge,geaendly from 3 minute upTaSJ 

thorough and complete mixing of the d,!^ 

w^potyethyleneandcoageft^i^d^o" 80 
fem a homogeneous mass is impoS fo? 
otemmng opmnum results in the fiK^ 
goduct, and e^ally alfecta final 

i^iip^ ^ 

pmod at a temperature above 200OF. S 
order to obtain an effective mixtmt 5 i^ 
c^ted polyethylene and cS^Tanl Z 
piasnazas or extenders which s^y be add«L 

^40 h. to 320"F. over the major oortion of 
i*« mixmg period before adTg rte^St<J 

composition. Altemativelv th^ ^ • 

compomid any optional ingrec^ts S 
ctptmg both substantial amoiS^ fiu" • 

T''^ ^ Pnxiuce shS S 
W t?^™ homogeneous composition, simi- no 
far to uncured gum stock, which i^aybe 

Ct^dT/ ^-r^'P- Se°tatt?£ ,15 
aT^lS a^'^otage of produdng 

be W^'*'^*^ ff^^" P"**"" which 

lie composirions of the invention may be 

50 to 1 • P«^ of the order of 125 
ably, die curmg is carried out aTTtJ^Z 
twe of about 300--«)0«»F T a ntJ^^f^" 
t?een about SO^ISsoo' JL] T^^fe 
tm« may be between abSw " l^HS 130 
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axinutes, ind is usually 10 to 30 mimxtfa. In 
addidon to being suitable for moulding^ the 
filled compositions of the invention are emi- 
nently suited for wire jacketbg, and in the 

5 fmn of str^js or the like nuy be fed to an 
extruder and extruded dierefirom as a jacket 
over copper wire and the like in a conven- 
tional manner. Extrusion temperatures are 
usually about 180**R to ZJO^F. The jackct- 

10 ing may be vulcanized or cured by applica- 
tion of heat and pressure in conveoional 
equipment such as a continuous steam vul- 
c a nirrr in which the temperature is usually 
between about 350**R and 420^F. and the 

15 steam pressure between about 180 and 240 
p.3X The compositicms of die invention have 
been found to have the advantage of being 
eztrudable to form products not subject on 
final curing to stress cracking which has been 

20 a prcAlem heretofore in extruding many com- 
positions based mainly on chlorinated poly- 
ethylene. 

The especially preferred chlorinated poly- 
ethylencs of intrinsic viscosity between about 

25 2 J and 6.0, preferably 3 to 5, may be ob- 
^ined by cfalorination of a suli^tantially 
linear, high density polymer of ethylene hav- 
ing a very high molecular weight of at least 
about 500,000 and up to about 5,000,000, 

30 preferably about 1,000,000 to 3,500,000, 
calculated according to die method of P. S. 
Frauds et d from the viscosity of a 0 J to 
0.1 gram per 100 cc. solution in decalin at 
135®C, using the equation: 

35 n=6.77XlO^M«" 
wherc^ 
n=lntrinsic viscosity 
M—wdght average molecular weight 
CJ. Polymer Science Vol. 31, pp. 453—466 

40 — September, 1958). 

Particularly suitable linear high molecular 
weight polyethylene, which may also be 
diaractenzed by crataining long chain poly- 
ethylene branches, is produced, as described 

45 in our British Specification No. 858,674, by 
SBS phase polymerization of anhydnms, oxy- 
gen-free ethylene below the softening point of 
the polyethylene over a porous, tangible 
cataljrst consisting of an inorganic compound 

50 of chromium and oxygen and an active metal 
alkyl on a support of silica or sOica-aiumma. 
The polyethylencs so produced contain resi- 
dues of the chromium-silica catalyst systems 
dispersed throughout the polyethylene in an 

55 amoimt of at least about .001%, usually 
,001— ,002%. This chromium-silica catalyst 
nuterial is retained in the polyeth3iene dur- 
ing chlorination and contributes to the 
properties of the dilorinated polyethylene and 

60 of the elastomeric compositions produced 
therefrom. Prior to chlorination the poly- 
ethylene from whidi the chlorinated poly- 
ethylene is made has a density between about 
0.935 and about 0.985 gm/an^ at 23^0 



and a aystallinity of at least 75% and custo- 65 
marily in the range 75% to 90%, as 
measured on a carefully annealed sample by 
an absolute method, e.g. by infrared spectrum 
analysis or by X-ray anaJysis. The DTA 
crystalline melting point, i-e, the maximum 70 
in the differential thermal analysis peak pro- 
duced by the polyethylene starting material, 
is at least 125^0., and at least 90% of the 
area of this peak is produced at temperatures 
of 110«>Q and above, 75 

CWwinated polyethylene of less than 1% 
crystallinity is de^rably prepared for use in 
the invention by chlorination of the htgh 
molecular weight polyethylene in a hetero- 
geneous medium in stages defined by intro- 80 
duction of chlorine at a temperature first 
below and then above the crystalline mMtipg 
point of the polymer, as described in British 
Specification No. 950^74, most desirably by 
a two-stage suspension chlorination of the 85 
linear,^ very high molecular wei^t polyethy- 
lene, in which the first-stage chlorination is 
carried out in an aqueous slurry at a tempera- 
ture below the crysmlline mehuig point of the 
ethylaae polymer, preferably atout to 90 

130<>C., and e^edaUy 90— 110«>C., until 
at least about 5 percent, prcfcrabty about 10 
percent, of chlorine has been introduced into 
the polymer. In the second stage the dilorina- 
tion is continued in the aqueous slurry at a 95 
temperature maintained above the crystalline 
mdtix^ point of the polyn^ but below the 
softening point of the chlorinated outer coat- 
ing thereof until the desired total amount of 
dilorine has been added. Seomd-stage cfalori- 100 
nation temperatures are at least about 135°C 
and preferably 135®C to 150*^C If desired, 
dilorination in the second-stage may be car- 
ried out at a temperature above the crystal- 
line melting point of the polymer for a time 105 
suflSdcnt to add at least about 5 percent 
chlorine and preferably give a total of at 
least 25 percent chlorine, and then con- 
tinued at a lower temperature, e,g. 110°C 
to 120«*C., until the prtKhict has the desired HO 
final chlorine content. 

The following Examples illustrate the in- 
vention. 

Example 1 

Chlorinated polyethylene of 40% chlorine 115 
content was prepared by chlorination of poly- 
ethylene of average molecular weight 1^ 
milhon, corresponding to an intrinsic viscosity 
of about 1 J dl/gm, and melt index (ASTM 
D1238~52T; 190**C, 2160 gm weight) of 120 
about 0 gm/10 min. The polyethylene was 
prepared b y gas phase polymerization of an 
anhjrdrous oxygen-free ethylene over a cata- 
lyst of magnesium dichromate on a porous 
support of 90% silica and 10% almnina with 125 
aluminium triisobutyl, prepared in accordance 
with Examples 6 of British Specification No, 
858,674. The polyethylene rftntntm^H about 



1,134362 



10 



15 



20 



25 



30 



35 



40 



80 



85 



90 



61), reachmg IQ. dyno/cin» a! tiife S 
mokcular height ?o,i^S 

was blended on the miD for about 6 nSS 



to form a homogeneous mass, after ■? a 

JSr,3*l?"*' P«s where the slate 
jwe aifcd at a ptssure of 500-600 pS 

rlr?^ 150-160OC 
L^^jf ^ The result^ 

cured product resembling an unfiUed^Sf 

S^^Jir^ cvalLed -aTStel^ 
tent and physical properties, with Oi^-rf^L 
tabulated in TabfeT^ ^ ^bS 

T. ru,T^'^ compositions pSSSi 

r^H^^ » *at of 

..I and constituted as follows: *-«™pre 

Control A 

tl.^ contained 100 parts of 

polyethylene of ExaSpfe ? 
hv^^l tabflliz^^^' 
A |Pf orohydrin with B^^^ 

Ipw of an antt-oxidam. This mirtui4 ml 
to determineT^^ 
tg^af the basic chlorinated polyediylcae 



45 



50 



55 



60 



65 



, Control B 

the'^oSTpSyS^of'te. f 

5S? "t^ ^J!L'° anti-oxid^ST^ 
steDs of the blended composition 

v^'^.aV « » P«««iST?S)-:So 



70 



75 



Table 1 



Property 

Gel Omtent 

Tensile Strength 

Elongation, % 

300% iModuhis, pj.i. 

Shore A Hardness 

Mooney Viscosity (100«C) 
Dielectric Strength, vpm 
Water Pick-up, ^n4/S« 
v^pression Set, % 
Low Temperature Impact. "C. 
Tear Strength, TrousSr, H)/in 



1745 
465 
500 
60 



B 

2060 
340 
1900 
56 



TT»«s the compositioo of the invention .« 

M hL /° ""/^ modulus, confinnmg a 
95 ^gh degree of cure of the chlorinSbolv! 

the diallyl phthahte. The cured compSSS 
£ Example r also has a surprisSywS 

iw better than the straight peroxide cured con- 



Ex. 1 

94% 
3700 
400 
2000 

70 

65 
630 

18.2 

25 
-36 

73 



ttol composirion A and ahnost double that 
of the basic resin as represented S^oaSSl 

?• ^.«»5osition of eSS£ 
1 also has other desired properties, Sdml 
a compressioa set value of ^ty25%!^^ 

. Etamplb 2 

k • orapoaitions were prepared bv first 
charging 100 parts of the SSSed^p^ 



105 



10 



15 



20 



Example 1 to a Banbury mixer, 
prebeated to 140— 160°F. along 
with 20 pans diallyl pWuilate, 30 parts of 
epoxy tallaie CNuosub" 828; "Nuosaflj" is 
* "^"^ P««s of pbtey 

talc ("Miscron Vapor''; "Atoion" fai 
'^^^ J"*^ Mark), 2 parts of vinyl 
silane as fiUcr bonding agent (Vinyl Silane 
172^ and 1 pan rf polymerized tiimethyl 
dihydroqmnone ("Age Rite Resin !>"). The 
iwukmg stock was blended on the mill for 
about 8 mmutes to form a homogeneous 
mass. There was then added 3 parts of di- 
«-cumyl peroxide and after an grfrfirift^f,; 2 
mmutes of mixing the stock was sheeted om 
<n a two roll rubber mifl at a thidmess of 
about 0.08 inch. The sheet was cut into 
4X5 mch slabs and inserted in a mould 
wfaidi was placed in a press where the slabs 
WHB cured at a pressure of 500—600 p.s.i. 
and at a temperature of 150— 160°C for 
a period of about 20 minutes. The cured 
laodua was evaluated as to gel content «nd 
phyacal properties, with the results tabula- 
ted m Table 2. 



30 



35 



Table 2 

l*ropeity 

Gel Qmtent 

Tensile Strength, p ja. 

Elongation, % 
300% Modulus, p;SA 
'Shore A Hardness 
Mocmey Viscosity (190<»C) 
Dielectric Strength, vpm 
Water Kck-Up, mg/m* 
Conqnessicm Set, % 
Low Temperature Impact, <»C 
Tear Strength Trouser, Ib/in 



Ex. 2 

1850 
425 
1500 

75 
100 
600 

12.5 

20 
-36 

73 



40 



45 



50 



pe high gel content and hig^ moduhis con- 
Sll^^ '^'^ of cure of the chlorinated 
polyethylene. The cmnpositiao also has high 
elongaaon and good tenale strengdi <rf 1850 
pjj. Of special interest is that the highly 
hlled compositini shows a compresaon set 
value of only 20%. 

Example 3 
A filled low cost wire jacketing compon- 
non was prepared by first charging 100 parts 
of the chlorinated polyethylene to a Ban- 
bury iWixer, Model No. B, operated at a 



of about 110—120 r-pjn. and pre- 
toiod to a starting tonperature of about 
leo F. by mtcmal steam heating. To the 
chJoimated polyethylene there was imme- 
diatdy added 12 parts of diallyl phthalate 
and 30 parts of a chlorinated aUphadc hydr»- 
cartxm of chlorine, oontem 40%, and mole- 
cular -weight ^boui 580 ("Chlorowax" 40; 

ChloroTOx IS a registered Trade Mark). 
The «sultmg mass was allowed to work oa 
tiie Banbury jnixer for about i mmute and 

^^'S^I^ ^ °^ polymerized 

tnmetbyl dihydroqumone ("Age Rite jy\ 50 
pam of the pktey talc, and 100 parts of 
carbon black («MT Black"). After ^ch ad- 
diara the temperature of the mass increased 
rapidly to about 250— 260°F. and a homo- 
geneous mature was formed in about 8 
mmutes after «uch addition. Cooling water 
was then applied externally to the Banbury 
mixmg chamber jacket to decrease the tern- 
pw^ie of the stock to between about 230- 
Z40°F. and diere was <hen added 8 parts of 
di-«-cumyl peroxide. The stock was aOowed 
to nux f or an additional 2 minutes at a icm- 
pownue of 220-230°F., and was then 
sheeted out as a 0:08 indi thidc mat cm a 
two Tdl lubber mill. Slabs 4x5 indi TOe 
cut from the mat, and the lalance of ihe 
mat cut mto strips. The slabs were cured in 
a prc^ mould as in the precediiK Exanmles 
and «he resulting product evaluated wiAthe 
Midts^rqwned in Table 3. The stzms rut 
&Mn Ac mat were employed as charge lo a 
14: 1 L/D xaao J. Royle & Sons Company 
extruder. Model No. J, from which the xom- 
pound was extruded at a temperature of 
about 20O-220°F. onto 145^ed copper 
wire with a 3/64 inch Wall. The extrudate 
was passed to a continuous steam vulcanizer 
where the coating was cured by aibiecting 
It to a temperature of about 400°F at a 
direct steam pressure of abom 200 p.si for 
3 nainuies The cured coated wire was water 
cooled and was found to be free of stress 
aackmg which js encountered upon extru- 
sion and vul«anization of compositions simi- 
lar to tlat of this Example but prepared 
widiout the mcfasiOT of the diallyl phthalate. 
in Tabfc 3 the pressed moulded slabs are 
evaluate according to die specifications for 
t^'(raO°^ Underwriters' Labora- 
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Origiiial Valcaniztte 

Tensile strength, p.s.i. 
ElongBQoD, % 

After 20 hrs. at 127«»C 
in Air Press Bomb 

Tensile strength, psd. 
Elongaara, % 

After 18 hrs. at 121»C 
in ASTM oil No. 2 

Tensile strength, pj.i. 



Table 3 
Ex. 4 

2000 
475 



% 



15 



After 240 hrs. at 121<»C 
in drcolatioo Air Oven* 

Tensile strength, pj.i. 
Elongation, % 



2000 
450 



1800 
375 



1800 
350 



Spedficad'on 
1800 
300 



50% of oiig. 



150% 



60% of oiig. 
60% of orig. 



900 
50% 



20 t , <="?««i«ed polyethylene -diallyl 
20 phthalate vdcanized jacketing <rf the SyS- 
oon not only dearly satisfy the above stan- 
dards bat retain them ertremely weU on 
heat and oOagag. In addition to tteabow 

«f»oce, the lacketmg was also found to have 
others especially high tear strength, good 
o»>ne resistance, and non-flaaunabilitv G#i 
jT? Md Water 

30 mtt the diallyl phthalate shows wbstantially 
Ji^a»nipressi<m set and substantially tI 
duced tolerance m the oil aging test 



Sample Press Cured at 205*C for 2 minutes. 
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BxAimjB 4 
A filled heavy dnty non-black wire-iacket- 
ing was prepared by chaiging 100 pans of 
the chloniwtcd polyediykiilf the pwed- 

30^!°S%^ ' alo£w^th 
30 parts of the epory tallate "Nuostab?' 850 
20 pam of diaUyl phthalate, 150 ^ S 
hydrat«^ alumina CHydnU" 710), 2 rf 
'S'^'V?'^' and one part "Ag^Ri^^ 
u . The diarge was admixed as in Examole 

TO« after about 8 minutes of^S^ 

tothe Banbmy mamg chamber jacket to de- 
CTwc the ten^ture of the stock to, 220- 
^OOR and there was then added 7 parts of 
^-onamiyl J)mnade. The stock was Vdlowed 
to ma an additional 2 minutes at 
pcntme of about 230oF. and was ^ 
out as a 0.75 inch thick mat oTJ 
two roO rubber mil Following the pSx- 
dures of Example 3, shbs were cutfttS^ 



mat for test purposes whfle strips cut from 
the mat were extruded onto tinned conoer 
we and cured in a continuous steam vC 
naer at a temperature of about 400«F at a 
direct steampressure of about 220 pjtl for 60 

Bmmutes. The properties of the cuid«r 
posTtim ^ stress crack-free extnidate are 
rqjorted below in Table 4. 

. Vulcanizate 

Compounded Viscosity, 

AiL4 at 212«»F. 
iVlooo^ Scorch, MS at 250*F. 
Minimum 

Alinutes to 5 pt. rise 
Original Properties 

Tensile Strengrfi, p.s.L 

EIongatiDn, % 

300% Modulus 
HMt Aged 7 days at 250«'F. 

% Tensile strength Retained 

% Elongatioo Retained 
Oil Aged 18 Hours at 250«F 
in ASTM No. 2 

% Tensfle Strength Retained 122 80 

/o luongation Retained 70_s 
Ox^Bomb Aged, 168 Houis 

o4 2)°^ Strength Retained 94J 
T«^ Retained 86.0 85 

Trottser, Jb/m 
Water Absorption 

Mg/in' 
Low Temperature 

ASTM D-746 
Compressian Set, Method B 

22 Hn. at 212'»F., % 



100 

45 
22 

1850 
425 
1500 

100 
70.5 
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70 



75 



73 

-36«C 
20 



90 
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Example 5 
A cured dastomer was prtpaxed by i pro- 
oediiie simihir to that of Example 2 with 100 
parts of ; the wne dilorinated pdyetfayiene 
and 40 . parts of diisoallyl phthalatc, 7 parts 
of di-ct-cmnyi peroxide 1 part of "Age Rite 
Rfisia D^ ' as . anti^oddan^ and 60 parts of 
t l^; hyd rttcd Tahimina. Kesults and physical 
properties <rf the products are tabulated be- 
low in Tabk 5. 



15 



20 



TaUe S 
Otigmal P i o p c rti ea 
TcnsUe Strength, p.si. 

300% Aiodohia 

Shore A Hanfaeas 
Heat Aged 7 days at 250°F. 

Tensile Strength, p^, 

Elongatiaa, % 

Shore A Hardness 
Compression Set, Method B 

22 Hrs. at 212°R, % - 



2750 
365 
2550 
76 

3300 
250 
85 

17 



25 



30 



35 



Example 6 
A cured e l as tomer was prepared as in Ex- 
ample 5 excqjt that 40 parts of diallyl 
maleate was employed as the diallylxc com- 
pound. Results and physical properties of the 
produa are similar, as recorded in Table 6. 



Propertjr 
Tensili 



Table 6 



cnade Strength, p.5J, 
Elcmgaticm, % 
Shore A Hardness 
Cbmprcsatcm Set, % . 
Heat Aged 7 days at 250^R 
Tensile Strength, p.s.i. 
ElongatiG^ % 
Shore A uaxdness 



2850 
200 
83 
9.1 

3200 
125 
91 
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EXAASFLE 7 

A cured elastomer was prepared as in Ex- 
ample 5 except that 50 parts of diallyl 
phthalate prepolymer ("DAPON" 35; 
•Dapon" is a registered Trade JVlaik), was 
substituted as the diallylic compound. Re* 
suhs and physical properties of the products 
are tabulated below in Table 7. 

Table 7 
Original Properties 
Tensile Strength, p^i 3000 
EliMigadon 150 
300% Modulus 

Shore A Hardness 94 
Heat Aged 7 days at 25(PF\ 

Tensile Strength, psi. 3025 
EknigatioQ 150 

C(Mn|>rasion Set, IViethod B ' 95 
• 22 Hrs. at 2120F., % 11.6 

In Example 1, idthongh 'the chlorinated 
polyethylene was mixed ^th the ' diallyl 



phthalate on the rubber mill for several 
minutes at a high temperature above 200*^0, 
in the absence of a separate heat stabilizer 
for the chlorinated polyethylene, the chlori- 
nated polyethylene did not substantially 
dsange colour or darken, as normally occurs 
when chlorinated polyethylene is heated to 
sudj temperature for such a time in the 
absence of a heat stabilizer. Evaluation of 
the stock discharged from the rubber miD 
confirmed the value <rf the diallyl phthalate 
as a heat stabilizer for the chlorinated poly- 
ethylene. Examples 5, 6 and. 7, employing 
respectively diisoalljd phthalate, . diallyl 
maleate and the diallyl phthalate prepolymer 
were also caiiicd out in the absence of a 
separate heat stabilizer and also demonstra- 
ted the stabilising cffert of such diallylic 
materials, not only by observation of the 
stock during Banbury mbcing but also by re- 
sults obtained after heat aging of the heat 
cured products, which showed a high de- 
gree of retention of phydcal properties. It 
was further evident that the benefidal heat 
stabilizing properties of the diallylic ccrai- 
pounds were retained, at least to some ex- 
tent, in the cured products containing the 
polymerized diaDylic material. 

A very advantageous and unexpected 
utility of the chlorinated polyethylene com- 
positions of the invendon has been discovered 
in the bonding of thermoplastic materials and 
elastomers, including -natural and synthetic 
rubber. When the uncured compositions con- 
taining the chlorinated polyethylene, diallylic 
compound ; and free radical initiator, are 
placed in contaa with another thennoplastic 
or elastomeric resin and subjected to heat 
and prcssine sufficient to cure the composi- 
tion, it was found that a laminate of very 
high peel strength was produced. No ex- 
planauon can be offered with certainty for 
such beneficial result, although it is beUeved 
that sorne of the allylic material, probably 
along with some of the free radical initiator, 
migrates from the chlorinated polyethylene 
composition at and into the interface of the 
assembly, and probably also into the adjacent 
resinous member, and results in a linkage 
between the materials being bonded upon 
polymerization of the polyaDylic compound 
That the bonding is more than a mere cross- 
linking between the materials is shown by 
the relatively small amounts of curing agem 
in the ddorinatcd polyediylene compositions, 
and the excellent results obtained with ther- 
moplastic resins not commcmly cross-linked 
by the free radical initiators. WbSt migradon 
into the adjacent material is believed to take 
place, it is not essential to . compress the as- 
sembly during bonding at a temperature 
above the softening point or crystalline melt- 
ing of the adjacent material, as evidenced 
by success with cured elastomers and a tem- 
perature below the. melting point of thenno- 
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Pj^jo^^ Howtw, better lesults tie 
obtaine d as ten pentnres inatatt. and it is 

«»2LSSf^ to b«d tbennoplastic lesins 
at temoituns above the softening point. 
5« bondmg properties of thc^osKs 
of the invention may be ntilized to fonn 
luninstes of two or more plies for a variety 
of induding p|«tic ipbolZy, 

«I«omer appifcan-ons J^i^ 
10 An aUied effea oflpedal tntSTand 
utility J«s been f o«nd VSn^S? ,Sh 
win coatmg and jacketing. In Examples 3 
and 4 compositions provided by the faven- 
non were extrmted onto wire as coating to 

coat^ When smiilar compositions are ex- 
truded over wire already coated wfth, for 
«MJple, a coating compoaition based on an 
rthylene-prowteie teipolymcr elastomer, a 
20 high strength bond is formed between the 
coating and jacketmg. Such a xesuh has been 
Ioi« desired m tfae wire and cable mdostry 
Any thermoplastic or natural or synthetic 
rtAber material may be bonded in aaoTdance 
-o with the mvcndon. Merely ilhistrative of 
rcsmous matenais with which excellent re- 
sults are oboined are the polyoldms 
generally, mdudmg polyediylcne and copoly- 
mm of ethylene with C, and C, otefinTin- 
30 dudmg ttipplymen of ethylene and prapy- 
leae, vmyl chlonde polymers and copolymas. 
potyv^hdene chloride, polydSbnS 
JHd^crylates, especially die llexibleSS 
polymer compositions, polyamides such L 
njriton, potyocers, natural rubber, and syn- 
^c rubber mctadfag butyl rubber. 
Oenerally, the resm cootaming the polvallvlic 
compound may be further fonnulaS in \hc 
pmeral maimer and in die varying pnipor- 

T!!L!^ ^ chlorinated p,^,ihSc 
tiasumsa compostnons provided by the in- 
TCnnoa as fierembefore described in detail 
For laample, either or both plies to be 

45 o« mia, or ,My comain il^ 

to i±e practical limits of fiOer badine 

TTie foQowmg Examples demonstrate die 
bondmg of two such resin^iased substrate 
wmpositiens m accordance with tfae hiven- 

50 t.o«L> eadi, the compoaitioo comainijA^ 
allyhc compound was a chlorinated pdyethy- 
lene onnponoon foimulated as in ^imSe 
4, and sheoed out to a dndmess of abl^ 

5S iL^^^fT**^ evahiattd as to 
55 bond s&ength by a puU test mi a Tmha 
Oben Instrument in which tfae laminate was 
5ub^ toalSO-peelandthepuUre- 
quwBd to separate die bonded plies is re- 
corded. 

^ EXAMFLB 8 

*'««.E»»>pfc5 the chlorinated poly- 

nul duck sEeet of peroxide cured polyethy- 
lene composition consisting essentially of 100 
65 parts of a biancfaed low density DYNB^l 



polyediylene and 7 parts of di.«r<umyl per- 
cn^. Bonding was effected by plac&ig^ 
^of chlomattd polyediyl«e*^and|oIy. 
rthylene m surface to surface conract^uid 
^ S^'S?^ the assembly to a tempera- 70 
nire of 325»F. and pressure of about 200 

f^'^'.lln* ^fT^ P«« (ASTiVI sfaU> mould) 
for about 30 minutes. Bond strength by die 

a hi^ 100 pounds. •_ 

^ ^ EXAMPU8A 

When Example 8 is repeated for purposes 
of comparison by oBQtting the dffi 
phdialate from die chlorinated polyediylene 
composition and substituting therefor a 80 
plasnozmg amount of a chlorinated low 
naofccnlar weight paraffin, die peel strength 
of die assembly cured under die same raadi- 
? temperature, pressure and time was 
only 4 — 10 pounds. 

Example 9 
Exa^Ie 8 was repeated except diat a 30 
mil duck sheet of uncured polyediylene con- 
taining no curing agem was substituted for 
die cured polyediylene substrate of Erampfc 90 
B. Peel strength .of the resulting bonded as- 
sembly was a high 100 pounds. 

Example 9A 
Example 9 was rqieated for purposes of 
comparison, subsntutmg a chlorinated paraf- 95 
fin for the diallyl pfitHakte as in Example 
8A. Peel strengrii was 20—25 pounds. 

EXAMPLE 10 
Example 8 was repeated except that a 30 
mil thi<± sheet of nylon 6.6 having a soften- 100 
"g P?°t of 354«'F. was substituted for die 
poiye tftyleoe substrate of Example 8 Peel 
straigdi of die resulting bonded assembly was 
a high 75 pounds. 

Example 11 105 
Erample 8 was repeated except diat a 30 
Mfl HuA sheet or an ediylene-propylene ter- 
polymer elastomer (EPDM) was substituted 
tor the polyethylene substrate. Peel strength 
Of the roultmg bonded assembly was a high 110 
75 pounds. 

The flowing Examples demonstrate the 
*? coagents in improving the car- 
ing of chlorinated polyethylcae and enedafly 
m fonnmg cured elastomers of improved 115 
ctrapresaon set, high tensile stiengtfa and 
high modulus. ^ 



Example 12 
Cmed fiUed compositions were prepared 
by the general procedure of Exampli 2 em- 120 

pans of the chlorinied poly- 
ediylene of Example 1, 6 parts of "Epaa" 

chlorinated paraffin wax C'CUorowax" 4^ 
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60 ptitt erf caibon blade {•TEF* Black), 3 
pam cf ditcrtiaiy organic peraside ("S-8«n 
as mitutor and varying small amounts of tri- 
»llyB«ocyanniate CIAIQ as the potTall^ 
conqxnmd. Curt time wu 30 mtnuta at a 
tcmpcmare of 320OR m each run. A con- 
trol Potc ontaTnin g an allylic compoand gave 
the con^tarattve results- shown belovr for a 
composttum amtatoing 3 parts of trxaOyl iso- 
cyanonite. 



Compressioa Set, 22 hr. 

at 212«F., % 
300% Modulus 
Tensile Strcngtfi, p.s.i, 
Elongaticm, % 
Hardness, Shore A 



11 





3 Pam 


Comroi 


TAIC 


32J 




850 


1200 


2300 


2600 


575 


500 


52 


53 



15 



20 



Triallyl Isocymn urate 
(Pam by Wei^) 

^ • c 12 5 

Campiraion Set 21J 17J 16^ 
300% Modulus 925 1100 1450 



10 
13.8 
2000 



25 



30 



35 



Example 13 

Cured filled compostdons were prepared by 
the general procedure of Example 2 emplOT- 
mg 100 para of the dilorinated polyeth^ene 
of Example 1, 6 pam of "Epaa" 828. 75 
puts of (" Chlotow ax" 40), 60 pam of car- 
bon black (^VEF" Blade), 3 pam of "8-890" 
as fflidato', and varying aaall amotmtB of 
tnmethylol propane Diniediacrylate (TAIPT) 

the pdyallyUc compound. Cure time was 
30 minutes at 320"?. in eadi tm. The re- 
sults obtained with a control not cimtaining 



a polyailyiic compound are compared below 
with those for a composition containing 3 
pam of trimetfaylol propane trimethaaylate. 



Compression Set, 22 Hr. 

at 2120F., % 
300% Modulus 
Tensile Strength, p.s.i. 
Elongation, % 
Hardness, Shore A 



Control 

32.5 
850 
2300 
575 
52 



3 Pam 
TMPT 



40 



20J 
1250 
2550 

500 45 
54 



Trimethyol Propane Trimethaciylate 



50 



Cogqnession Set 
300% Modulus 



(Pam by We^t) 

1 2 5 

20.0 20.4 20.0 

1200 1230 1375 



10 
19.5 
1500 
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Example 14 
Cured filled conqiositions were prepared by 
the generd procedure of Example 2 enmlov^ 
l^g 100 pam of the dilorinated poiyetfayleDc 
of Example 1, 6 pam of 'T^on" 82lC 75 
pam of Chlasowaz" 40, 60 pam of TEF" 
Black, 3 pam rf "$-890" as initiator and 
varying smaU amounts of ethylene dnneth- 
acrylate (EDMA) as the polyailyiic com- 
pound. Cure time was 30 minutes at a tem- 
poature of 320«»F. in each run. The results 
obtamed with a control not containing a poly- 



al^ canqxnmd are compared below with 
those for a composition containing 3 pam 
of ethylene dimetfaacrylate. 



65 



Compression Set, 22 far. 

at 212»F., % 
300% Modulus 
Tensile Strength, p.s.L 
Elongation, % 
Hanfaiess, Shore A 



Control 

32.5 
850 
2300 
575 
52 



3 Pam 
EDMA 

18.9 
1250 
2700 
525 
54 



70 



ji 



'Compression Set 
300% Modulus 



Ethylene Dimetfaacrylate 

(Pam by Weigbt) 

1 2 5 

193 19.0 16.3 

1225 1275 1500 



10 
14J 
1575 



80 



Example. 15 
Cured filled compoiitions were prepared by 
we ge^l. procedure of Example 2 employ- 
mg 100 pam by weight of t&e chlorinned 
puyethykne of Exa^le 1, 6 pam of 
"Epoo" 828, 75 pam of ••Chloro^" 4a 
60 pam of 'TEF* BUdc, 3 pam of "S-890" 



as initutor and varying small amounts of di- 
ymyl benzene as the polyaHj^c componnd. 
Cure tUK was 30 minutes at 320«F. in each 
rm. The results (Atained with a control not 
co nt a mm g a polyailyiic compound are ctnn- 
pared below with those for a composition 
<»ntanung 3 pam of divinyl benxoe: 



90 
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Campression Sec, 22 hr. 

«t 212«R, % 
300% Modulus 
Tcnaflc Stitngtii, p.s.i. 
Ebngadoo, % 
HutfaesSj Shore A 



3 Parts 
Divmyl 
Omtiol Benzene 

32J 22.8 

850 1150 

2300 2550 

575 525 

52 57 
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In tbe Examples, gd content is detennined 
by pladng a weighed l/4xi mcfi X75 mfl 
sample of the cured compositiim in a suitable 
vessel, in vhidi it is inunersed in 50 mL of 
toluene at room temperature for one wcdc; 
the gel content being indicated by the dif- 
ference in the weight of the sample before 
and after the toluene extraction. The extrac- 
ted sample removed fnmi the toluene is blot- 
ted and oven dried at 105°C to a constant 
weight, fnmi which the determination of the 
gel content is finally made. Unless otherwise 
ind icated, other properties are evaluated ac- 
cording to standard ASTM Tests, as fol- 
lows: Tensile Strength, Elongation, and 
Modulus by IM12; Hardness by D-S 14-58: 
Trouser Tear by IM70-59T; Compression 
set by D-395-61; Low Temperature Impact 
by D-736-54T; Mooney Viscosity by D- 
1646-63; Ofl Aging (liquid immersion) by 
D-471-63T; Oxy^ Bomb Aging by D-572- 
61; and Heat Aging by D-573-53: Moisture 
absorption data were obtained uang Under- 
writers Laboratory procedure — UL-44. 

The oystallinity of the dilorinated poly- 
ethylenes is difficult to measure accurately 
by the conventional X-ray diffraction 
methods because the percem of the sample 
which shows crystallimty is low. It is, how- 
ever, practical to measure the area imdcr the 
DTA (differential thermal analysis) peak prx>- 
duoed by the chlorinated polyethylene sample 
at about the melting point of the starting 
polyediyiene, and compare this area with 
areas under the peaks similarly found mon 
a series of samples of various weig&s, tucen 
from a sample like the starting polyethylene. 
The areas of the DTA peaks pn>duced by 
such standard samples from any one source 
arc found to be directly p r opor tional to the 
weights of these samples* An estimate of the 
weight percem material showing polyediy- 
lene crystallinxty, contained in the ddorinated 
polyethylene^ can - then be obtained by 
measuring by an absohite method, sudi as X- 
ray cxaminatimi, the proportion of crystalline 
xnatnal in the polyeAylene employed as die 
source of tbe standard polyethylene sampl^. 
The DTA peak area can then coovenientiy 
be plotted against the weight of crystaDine 
polyediylene material, whence weight perc en t 
of material showing polyethylene crystal- 
linity, in any sample of known weight, can 
be immediately calculated. The crystallhiities 
of tbe chlorinated polyethyloies referred to 



herein are so determined, and are essentially 65 
absolute crystallinities. Experimcm has 
shown that the chlorinated polyethylene 
samples display their maximum cryscallmity 
in their dry powder f<Hcm, and that no an- 
nealing treatment is necessary or desirable 70 
prior to the DTA oystallinity detcrmination- 

WHAT WE CLAIM IS: — 

1. A compo^on conq)rising (a) a chlori- 
nated polyethylene, which is a homopolymer 
of ethylene or a copolymer of ethylene with 75 
up to 15 percent by weight of propylene or 
butylene and which contams 15 to 50 percent 
by weight of the chlorine, (b) at least 0.5 
percent (based on the weight of the chlorina- 
ted polyethylene) of an organic compound 80 
containing at least two terminal ethyicnically 
unsaturated grwqjs each of formula 



— C-^=ai, or — C— Cai=:CHa, in 

I . II 
vrfiiicA R is hydrogen or an sJkyl group, 
which, at least in the proporti<m employed, 85 
is compatible with the chlorinated polyediy- 
Icne, and (c) a free radical-generating initia- 
tor for addition polymexisatiQns. 

2. A composition according to claim 1, in 
which die said organic compound is a diallvl ^ 
phthalate. 

3. A composition according to claim 1, in 
which the said organic compound is an acry- 
late of a pdyhychic alcohol, 

4. A composition according to claim 1, in ^ 
which the said organic compound is divinyl 
benzene. 

5. A composition acamling to any one of 
the preceding claims, in which the initiator 
is a tertiary organic peroxide. 100 

6. A composition according to any one of 
the preceding, claims, conuining 7 — 15 per- 
cent (based on the weight of the chlorinated 
polyethylene) of the said organic compound. 

7. A composition according to any one of 105 
claims 1 to 5 containing 15—70 percent 
(based on the wci^ of the chlorinated poly- 
ethylene) of the said organic compound. 
' 8. A composition according to any one of 
the preceding dahns, in which the chlorina- HO 
ted polyethylene has a chlorine content of 
30—45 percent and a crystallimty less than 
10 p er ce nt , 

9. A composition according to any one of 
the preceding claims, in which the chlwina- 115 
ted polyethylene has substantially no aystal- 
lim'ty. 

10. A composition according to any oac of 
the preceding claims, containing also 20— 
200 percent (based on the weight of the 120 
chlorinated polyethylene) of a fil&. 

11. A composition according to any one 
of the preceding claims, containing also a 
plasdciser or extender. 

12. A composition according to any one 125 
of the preceding claims containing also a 
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thermal stabilizer other than the said organic 
compound. 

13. A composidon accoixiing to daim 6 
substantially as bodnbefore described. 

5 14. A process for the ' producdoo of a 
chlorinated polyethylene elaAooier> which 
comprises subjecting a composition claimed 
in any one of the precedmg ^aims to beat 
and pressure for a time si^dent to effect 

10 a substantial degree of cure thereof. 

15* A process for effecting adhesion be- 
tween two stnictoxes made of a thermoplastic 
or elastomeric resinous material, of which one 
is made of a ddorinated polyethylene com- 

15 positian as claimed in dums 1~13 which 
comprises placing the two structures together 
and subjecting the assembly to heat and 
pressure. 

16. A process according to daim 15 in 



^ch the other structure is made of an ethy- 20 
Icne polymer or a polyamidc. 

17. A process according to daim 16^ in 
whidi the other structure is made of a per- 
OQdde-cured ethylene polymer or an elasto- 
meric ethylene/propylene copolymer. 20 

18. A process according to any one of 
claims 15 to 17, in which the said structures 
are sheets and a laminatr of two or more 
sheets is formed from an assembly in which 

at least one of every adjacent pair of sheets 25 
is made of a OHcposition as claimed in any 
one of daims 1 to 13. 

19. TjiminaTTs obtained by ±e process 
claimed in Qaim 18. 

J. A, KEMP & CO., 
Chartered Patent Agents, 
14 South Square, 
Gray's Inn, London, W.Cl. 
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